Background: Urolithiasis in children is associated with metabolic disorders. The most important metabolic disorders are hypercalciuria, hyperoxaluria, hypocitraturia, cysitinuria and hyperuricosuria. This study aimed to evaluate the level of urinary solutes in healthy primary school children in Zahedan, Iran. Methods: This study was carried out on primary school-aged children. A total of 1800 samples were randomly selected using multistage random sampling method. Morning urine samples of children were taken and sent to the laboratory. Urine creatinine was measured by colorimetric device without removing proteins with BT3000 and photometer analyzer based on Jaffe method. Oxalate, uric acid, and citrate were measured using Pars test kits with photometric method. Weight and height were measured using standard protocols. Body mass index (BMI) was calculated as the ratio of weight in kg to height in square of meter. The ratio of oxalate, citrate, and uric acid to creatinine were then measured based on age, sex, and BMI categories. Results: Of total, 1157 schoolchildren were participated in the study. The mean age of participants was 9 years (Range: 7-13 years) including 433 males (37.4%) and 724 females (62.6%).The mean level of Oxalate, citrate and uric acid to creatinine were estimated to be 0.02 ± 0.01, 2.98 ± 2.39 and 3.22 ±0.59, respectively. The prevalence of hpeyroxaluria, hypocitraturia and hyperuricosuria was 25.3%, 20.3% and 34.6%, respectively. There was significant relationship between age and ethnicity with urinary metabolic disorder. Conclusion: In this study, a high prevalence of urinary metabolic disorders were identified in school-aged children. The screening program of urinary solute for early detection of urinary metabolic disorder and kidney stones is recommended.
Introduction
Urolithiasis or kidney stones is one of the most common disorders in pediatrics, and its prevalence has been increasing worldwide (1, 2) . About 40 to 50% of kidney stones are associated with urinary metabolic disorders including hypercalciuria, hyperoxaluria, hypocitraturia, cysitinuria and hyperuricosuria (3) (4) (5) (6) (7) (8) . These metabolic disorders have been reported as major findings of kidney stones (2, 4, 9) . The the remaining 15% is generated from oxalate oral intake. Daily urinary oxalate excretion is less than 50 mg per 1.73 m 2 of body surface, and its higher amount is called hyperoxaluria, which is a predisposing factor in urolithiasis disorders (6) . In infants and children, uric acid excretion fraction is more than that in adults, and the values above 815 mg per 1.37 m 2 of body surface is defined as hyperuricosuria (6) . Hyperuricosuria with significant hyperuricemia is observed in inherited disorders of purine metabolism, lymphoproliferative disorders, and polycythemia (3) . Other causes of Hyperuricosuria are increased absorption of purines, hemolysis, uricosuric drugs, and congenital heart patients with cyanotic and idiopathic (3, 12) . Citrate is normally distributed in the urine and regulated through both absorption and metabolism processes at the level of the proximal tubule. Hypocitraturia defined as the ratio of citrate to creatinine lower than 180 mg/mg, and in 24-hour urine is less than 300 mg/ mg. The prevalence of pediatric urolithiasis in Zahedan, located at south-east of Iran, is reported to be increasing in recent years (13) . The urinary composition of pediatrics in a population-based school-aged children can help to identify the crystallization status as a predisposing factor for urinary stone. Therefore, the aim of this study was to evaluate the prevalence of hyperoxaluria, hypocitraturia, hyperuricusuria in school children in Zahedan city, Iran.
Methods
Study population This cross-sectional study was carried out on primary schoolaged children in Zahedan, south-east of Iran. Based on a pilot estimate of 0.25, with confidence interval of 95% and acceptable margin of error being 2%, a total of 1800 sample size were estimated. Multi-stage random sampling method was carried out among all schools in the city of Zahedan. Initially, fifty schools were selected randomly from north, south, west, east and center of the city including ten schools from each area, five for boys and five for girls. The sample size in each school were allocated proportionate to school size. Finally, the students were selected in each class using systematic random sampling method on classroom record list. Out of 1800 families receiving invitation letters, 1500 cases sent their written consent to participate in the study. Students with history of chronic kidney disease, metabolic disease, kidney stones, abnormal urine analysis or taking medications affecting the excretion of urinary solutes were excluded from the study. These symptoms and diseases were diagnosed through interviewing with parents or clinical examination by a nephrologist. Based on exclusion criteria, 643 individuals were excluded from the study, and 1157 samples were entered. The data collection process was performed between December 2015 and February 2016 by permission of the Research and Ethics Committee of the Zahedan University of Medical Sciences.
Measurement
Demographic information including age, sex, weight, height, and ethnicity were recorded on collection form. Morning urine samples of children were taken between 8-11 am and sent to the laboratory. About 6 hours after collection, urine samples were refrigerated at a temperature of -80º C, and all of the samples were analyzed. Urine creatinine was measured by colorimetric device without removing proteins with BT3000 and Photometer analyzer based on Jaffe method. Oxalate, uric acid, and citrate were measured using Pars test kits (made in Iran) with photometric method. The ratio of oxalate, citrate and uric acid to creatinine were calculated for each student. Hyperoxaluria was defined as the ratio of oxalate to creatinine more than 0.06 mg/g. Hyperuricusuriais considered as the ratio of uric acid to creatinine more than 0.9mg/mg and hypocitraturia as the ratio of citrate to creatinine less than 0.25 mg/mg (2). Weight and height were measured by trained nurses with digital scales and nonexpanding tapes after urine sampling. Weight was measured without shoes and light clothing. Height was measured in standing position with bare feet against the wall as the buttocks, back, shoulders and heels touching the wall with head forward. Body mass index (BMI) was calculated as the ratio of weight in kilogram to height in square of meter. The BMI was classified using age and sex specific percentile according to center for disease control and prevention. BMI less than the 5th percentile considered as underweight, the 5th to less than 85th percentile as normal weight, and equal to or greater than the 85th percentile considered as obese and overweight (14) .
Statistical Analysis
Data described as mean and standard deviation expressed in mean and standard deviation for the quantitative and proportion and percentage for qualitative variables. The normal distribution was assessed using Kolmogorov Smirnov test. In case of normal distribution, t-test and ANOVA statistical tests were applied. Otherwise, peer non-parametric tests and chi-squares were used. The analysis was performed using SPSS 18.0 software. P value < 0.05 was considered as a statistically significant level.
Results
In this study, 1157 primary schoolchildren (boys=37.4% and girls=62.6%) participated with mean age of 9.4 years (standard deviation=1.56, Min=6 and Max=13 years). The prevalence of hyperoxaluria, hypocitraturia and hyperuricosuria by age group, ethnicity and BMI categories are shown in tables 1 to 3, respectively. The prevalence of hyperoxaluria was 25.3%, and there was significant relationship between hyperoxaluria with age and ethnicity. The highest percentage of abnormality was among children aged 7 to 8 years old. Children with Sistani ethnicity had lowest percentage of abnormality (16%) compared to Baluch (23%) and other ethnicities (32%) ( Table 1 ). The prevalence of hypocitraturia and hyperuricosuria was 20.3% and 34.6%, respectively. Both metabolic abnormalities were significantly associated with age and ethnicity. The prevalence of hypocitraturia and hyperuricosuria in children aged 7 to 8 years was significantly higher than that in older age groups (table 2 and 3) . Sistani ethnicity had lowest prevalence of both urinary metabolic disorders compared to other ethnicities. 
Discussion
The results of current study revealed a high prevalence of urinary metabolic disorders among school aged children. This finding is consistent with previous studies by Naseri et al. who found urinary metabolic disorder among half of children in Mashhad (15). Coward and colleagues reported that the most common causes for urolithiasis were metabolic problems and infection (16). Habbig et al. found that metabolic disorders such as hypercalciuria, hyeroxaluria and hypocitraturia were as main risk factors in nephrocalcinosis of children (17) . Moorani et al. revealed that hypocitraturia in children with urolithiasis was higher compared to healthy children (18) . In another study conducted by Ratan et al., the most common causes of kidney stones were hyper Cal curia and hypocitraturia (19) . Stitchantrakul et al. reported that the most common causes of kidney stones were citrate and hypercalciuria deficiency and low urine volume in Thai children (20) . Acoording to previous report by Sikora the oxalate excretion rate per square meter of body surface area in children with calcium urolithiasis was significantly higher than those of healthy subjects (21) . In current study, age was associated with all three urinary metabolic disorders and younger children had higher prevalence of abnormality than older students. This finding is in accordance with Safarinejad's study results suggesting that the highest level of uric acid to creatinine was observed in children younger than 7 years old (7). In another study, the highest oxalate excretion rate was observed in 7-24 month infants and the lowest in teens (22) . Von Schnakenburg also found an inverse relationship between the oxalate/creatinine ratio and age (23) . Regarding to ethnicity, Sistani had the lowest prevalence of urinary metabolic disorders compared to Baluch and other ethnicities. The association between ethnicity and kidney stone has been reported by previous studies. The underlying reason might be due to different dietary pattern and environmental factor rather than heredity (24, 25) . In this study, only hyperurocosuria was significantly associated with BMI categories. Normal weight students had lower abnormal urinary uric acid compared to underweight and overweight children. In previous study by Yılmaz, children with lower BMI had higher urinary uric acid in 24 hour urine sample compared to students with higher BMI (26) . This may be due to different consumption pattern of underweight and overweight children that might influence the excretion of uric acid. In this study, the evaluation process of kidney diseases for exclusion criteria was based on interview with parents rather than subclinical examination. This may cause some misclassification bias and result in overestimation of the prevalence of urinary metabolic disorders. We were also limited for a variety of important variables such as food intake, metabolic syndrome, physical activity and some other variables that could estimate the variability of urinary metabolic disorders more accurately.
Conclusion
This study concluded that the prevalence of urinary metabolic disorders including hyperoxaluria, hypocitraturia, cysitinuria, and hyperuricosuria were high among school-aged children.
Regarding to the importance and contribution of metabolic disorders on generation of urolithiasis, the early diagnosis, detailed metabolic evaluation, appropriate treatment and follow-up protocols are recommended for school-aged children. It is recommended to conduct more comprehensive study in this area according to geographic regions and different health conditions.
